INTRODUCTION
A key mechanistic principle of the nervous system is one of initial segmentation, whereby each environmental object or event is subdivided into its elemental parts. For example, in the visual system, features such as colour, location, motion and texture are analyzed by largely separate cortical regions. Nowhere is the segregation of inputs more obvious than across the sensory systems where the sensory epithelia are so very different and are contained in completely separate sensory organs (ears, eyes, skin, nose, etc.). A key question is how a nervous system that apparently operates by dividing its inputs, ultimately provides the unitary coherent and flowing perceptual world that most of us experience: the so-called binding problem. Some understanding is beginning to emerge regarding how objects and events are built-up again within individual sensory systems [1] . Far less is known, however, about how it is that inputs from the various sensory systems interact across the ascending levels of the cortical (and perhaps even subcortical) processing hierarchies.
In this issue, Pekkola and colleagues [2] present neuroimaging data that clearly show that watching the lip movements of a speaker, in the absence of any auditory stimulation, results in activation of the primary auditory cortex. These data appear to convincingly resolve a longrunning debate as some groups had suggested involvement of the primary auditory region in speech-reading [3] whereas others had claimed that only secondary auditory regions were involved [4] . However, none of the former studies used strict anatomical mapping techniques to isolate primary auditory cortex on an individual subject basis and as such, primary cortical involvement has remained under dispute. By anatomically defining primary auditory cortex for individual subjects using high-resolution MRI reconstructions, sensitivity was greatly increased in the Pekkola study. This allowed them to show clear primary auditory activation in seven of their ten subjects during silent speechreading, while nine of the 10 subjects showed activation of more lateral auditory regions along Heschl's gyrus.
Visually driven activation of a non-visual primary sensory region is in opposition to the general conception of how primary sensory regions operate -that is, that they receive exclusively unisensory inputs -and many in the field will be surprised to learn that primary sensory cortex is in fact penetrable by information from another sensory system. Of course, a major drawback of the neuroimaging methodology used in Pekkola's study is that it cannot resolve the route by which visually driven activation of auditory cortex occurs, or the timing of the effects, but there are several distinct possibilities. One of these is that the effect is driven by topdown inputs from known higher order multisensory regions following extensive processing in lower tier unisensory areas: a feedback model. This is the routing system that has been favored in the literature [5] . An alternative, but more controversial model, is that there are inputs to early sensory regions from other sensory systems that affect stimulus processing in a feedforward manner [6, 8] , although these latter studies have assessed only basic audio-visual stimuli and it is probable that language based stimuli will involve more complex processing routines. It remains to be investigated, using the high temporal resolution of electrophysiological techniques, when during the timecourse of primary auditory cortical processing, processing of visual articulatory gestures has its effect on speech processing.
One question that arises from the present findings is just how specific to speech stimuli such activation of auditory cortex is? For example, recent data has shown audio-visual interactions in primary auditory cortex when letter stimuli are presented in conjunction with their spoken counterparts [9] . However, in support of a relatively specific role in speech-reading, presentation of the visual letter stimuli in isolation produced no activation of primary auditory cortex. In a similar vein, electrophysiological studies have shown clear (and early) modulation of auditory event-related potential components by non-speech visual stimuli, suggesting that not all visual modulation of auditory processing needs to be speech-based [7] . However, the left hemisphere dominance of the responses seen in Pekkola's study suggests that they were driven by the speech content of the stimuli, given the well-known specialization of the left hemisphere for language processing. Indeed, they also show that simple moving circular stimuli caused activation of left primary auditory cortex in just three of their 10 subjects, although six subjects showed rather surprising activation in secondary auditory regions along lateral Heschl's gyrus.
SENSORY INTEGRATION THEORYAND MULTISENSORY PROCESSING IN CLINICAL POPULATIONS
It appears reasonable to propose that the development of ordered sensory integration is a necessary component of normal functioning. Some have theorized that failure to develop normal multisensory integration might be at the root of some childhood neuro-behavioral disorders, especially autism. This led to the formulation of sensory integration theory in the late 1970s [10] , a theory that has attracted a very large following over the intervening years. However, to our knowledge, there has not actually been a single neurophysiological study to directly assess whether multisensory integration processes are in fact disordered in the brain of autistic children. Nonetheless, a substantial number of books have been written on the subject [11] and the sensory integration theory of autism has gained remarkably wide acceptance, both in the medical profession and in the public at large. Despite this acceptance, strong evidence for integration deficits has not been forthcoming from the behavioural literature either. For example, a recent study showed that children with autism, while poorer at recognizing unisensory auditory or visual speech stimuli, were no worse in a bisensory audio-visual condition when performance on the unisensory measures was controlled for [12] . Also, despite the lack of physiological evidence for multisensory deficits, sensory integration therapies for these children have been instituted in many clinics across the world. The wisdom of such an approach in the absence of any direct evidence of multisensory neurophysiological dysfunction could certainly be questioned. Perhaps tellingly, a relatively recent review of studies that aimed to assess the efficacy of sensory integration therapy concluded that there was simply no evidence that these therapies were effective in autism [13] . In fact, the number of empirical investigations that have directly addressed the presence of sensory integration disorders in any clinical population is really very few.
Some initial studies, however, are beginning to emerge. For example, recent evidence points to multisensory audio-visual deficits in patients with schizophrenia who fail to benefit as much as controls from the sight of matching visual articulations when identifying speech in noise [14] . Findings of decreased auditory cortex activation in schizophrenia patients during lipreading [15] might well be related to this deficit in audio-visual integration. Work in the domain of clinical rehabilitation has also revealed strong interdependence of the sensory domains, showing that manipulation of inputs to an unaffected sensory system can improve functioning within a second damaged sensory system. For example, partial recovery of somesthesis after unilateral brain damage can be achieved by using visual spatial cues [16] . Related multisensory rehabilitative strategies have involved the use of mirrors to increase functional use of affected limbs after stroke [17] .
The use of multisensory strategies for cognitive rehabilitation and the high likelihood that some neurological disorders involve the failure of normal multisensory integration argue for the rapid advancement of our understanding of the underlying neurophysiology of multisensory integration. Surely a better understanding of basic processes is essential to the effective development of treatments in these areas and will help us to develop realistic and informed theories of sensory integration. In this regard, the study by Pekkola and colleagues is most welcome, providing solid evidence that more is afoot in primary sensory cortex than might previously have been believed. The sight of articulating lips activates primary auditory cortex. The question now is what the functional significance of this activity is?
